In this work we have determined the magnetic structure of R 2 CoGa 8 (R = Gd, Tb, and Dy) intermetallic compounds using x-ray resonant magnetic scattering in order to study the evolution of the anisotropic magnetic properties along the series for R = Gd-Tm. The three compounds have a commensurate antiferromagnetic spin structure with a magnetic propagation vector τ = ( ) and a Néel temperature of approximately 20, 28.5, and 15.2 K for R = Gd, Tb, and Dy, respectively. The critical exponent β obtained from the temperature dependence of the magnetic peaks suggest a three-dimensional universality class for the three compounds. Comparing the simulated and integrated intensities we conclude that the magnetic moment direction is in the ab plane for the Gd 2 CoGa 8 compound and parallel to the c axis for the Tb 2 CoGa 8 and Dy 2 CoGa 8 compounds. The evolution of the magnetic properties of the R 2 CoGa 8 series for R = Gd-Tm is discussed taking into account the indirect Ruderman-Kittel-Kasuya-Yoshida interaction and crystalline-electric field effects. The comparison between the reported magnetic properties of the Ga-based compounds with those for the In-based isostructural family reveals differences in their exchange couplings that contribute to the understanding of the role of the f -electron magnetism in these classes of materials.
I. INTRODUCTION
The study of microscopic magnetic properties of intermetallic compounds in a given iso-structural series is an elucidating method to unravel the fundamental properties at work in complex materials. This is the case for the layered family R n M m X 3n+2m (R = rare earth or actinides; M = Co, Rh, Ir; X = Ga or In; n = 1,2 and m = 0,1) with compounds that have exotic tunable ground states varying from antiferromagnetic (AFM) to superconductor (SC) or non-Fermi liquid behavior, among others [1] [2] [3] [4] [5] [6] . As the superconductivity in these compounds is believed to be magnetically mediated, the systematic investigation along the series of intermetallic f -electron systems has usually been done by following the microscopic role of the RudermanKittel-Kasuya-Yosida (RKKY) magnetic interaction and its relation with the crystalline electrical field (CEF) effects and crystal structures. In particular the magnetic structure determination is a very important step for the understanding of the physical properties since the magnetic moment direction, for example, carry information about the magnetic anisotropies created by the interaction between the f electrons and the surrounded conduction electrons and ions.
The R n M m X 3n+2m compounds with m = 1 and n = 1 or 2 are the crystallographic tetragonal variants of the cubic RX 3 (m = 0, n = 1). When a layer of MX 2 is inserted along the c axis the RMX 5 (m = 1, n = 1) structure results (the so-called 115's). When an extra layer of RX 3 is inserted the R 2 MX 8 (m = 1, n = 2) structure is obtained (the so-called 218's) [6] . Some recent theoretical [7] and experimental [8] [9] [10] [11] [12] [13] [14] studies showed that the magnetic properties for all non-Kondo compounds of the family R n MIn 3n+2 (n = 1, 2) * Temporary address: Advanced Photon Source, Argonne National Laboratory, Argonne, Illinois 60439, USA; giles@ifi.unicamp.br are mainly determined by the interplay between CEF effects and the RKKY interaction.
The particular interest of this work is to study the evolution of the anisotropic magnetic properties of the 218's Ga-based intermetallic compounds and to discuss this in a more general scenario where we compare the results with the trend found for the isostructural In-based compounds. In this regard, we have determined the magnetic structure of three members of the R 2 CoGa 8 (R = Gd, Tb, Dy) series using the x-ray magnetic scattering (XRMS) technique. This study completes the determination of the magnetic structures of the synthesized compounds of the R 2 CoGa 8 series since the other members of this series have had its magnetic structure determined such as the Ho 2 CoGa 8 that was investigated by XRMS and neutron diffraction [14, 15] and Er 2 CoGa 8 and Tm 2 CoGa 8 investigated by powder neutron diffraction [16] .
The intermetallic materials R 2 CoGa 8 (R = Gd, Tb, and Dy) present a commensurate antiferromagnetic ordering with a magnetic propagation vector ( 1 2 , 1 2 , 1 2 ). For the R = Tb and Dy compounds, the direction of the magnetic moment was found parallel to the c axis and for the R = Gd the magnetic moment was found in the ab plane. These results allowed us to point out the differences in the magnetic structure of the Ga-based to the In-based compounds. Discussions based on the spin-only compounds (R = Gd) are presented first and the role of crystalline-electric field effects are discussed next leading to a clear picture on the evolution of the anisotropic magnetic properties of the heavy rare earth Ga-based compounds along the R 2 CoGa 8 series.
II. EXPERIMENTAL DETAILS
Single crystals of R 2 CoGa 8 were grown by the Ga-flux method as reported previously [3, 17] . The compounds have a tetragonal Ho 2 CoGa 8 -type structure (Space Group P4/mmm, No. 123). The phase and unit cell parameters were confirmed by x-ray powder diffraction and are in good agreement with previous works [18] . The samples were cut and polished in order to have a flat surface perpendicular to the [001] direction with typical dimensions of approximately 3 × 2 × 1 mm 3 . The XRMS measurements were performed at the XRD2 beamline [19] of the Brazilian Synchrotron Light Laboratory (LNLS) in Campinas, Brazil. The energy of the incident beam was tuned to the L 2 or L 3 absorption edges of the rare earth element to enhance the magnetic signal. The crystals were cooled in a closed cycle He cryostat with Be domes and a JouleThomson cooling stage to achieve base temperature at 2 K. The samples were measured in the vertical diffraction plane and mounted in a four-circle diffractometer with its a axis initially aligned parallel to the incoming beam. Figure 1 illustrates the experimental setup used to perform the polarization analysis in our experiments where θ B is the Bragg angle, and σ and π (σ and π ) represent the components of the polarization of the incident (scattered) beam, respectively, perpendicular and parallel to the diffraction plane. The charge and magnetic scattering act differently on the polarization state of the diffracted beam, while the first does not mix the polarization components, the magnetic scattering (resonant or nonresonant) affects the polarization state. To detect the changes at different polarization channels a polarization analyzer was installed on the 2θ arm of the diffractometer allowing one to select, by a rotation of the angle η (Fig. 1) , the two possible polarization channels for an incident beam that is σ polarized: σ − σ and σ − π . Due to the strong fluorescence of the Co-K edge at 7709 eV that lies very close to the Dy-L 3 resonant energy (7790 eV), the magnetic scattering data of the Dy 2 CoGa 8 was measured at the Dy-L 2 absorption edge (8581 eV) and we used a Cu(222) analyzer crystal. Measurements for the Gd 2 CoGa 8 and Tb 2 CoGa 8 compounds were performed at energies that matched closer to the Brewster angle of our pyrolytic-graphite analyzer crystal C(006), the Gd L 2 edge at 7930 eV, and the Tb L 3 edge at 7514 eV.
In addition, temperature dependence of the magnetic susceptibility measurements were performed in a commercial superconducting quantum interference device (MPMS-SQUID) using a magnetic field of H = 0.1 T applied parallel (χ ), and perpendicular (χ ⊥ ) to the c axis. Specific heat as a function of the temperature was also measured (not shown) in a commercial physical properties measurement system (PPMS) to better determine the AFM transition temperature of the samples.
III. EXPERIMENTAL RESULTS
A systematic search in reciprocal space for magnetic Bragg peaks below the Néel temperature and with a polarization analyzer set to the σ − π polarization channel revealed that the magnetic propagation vector is the ( [20] showing that the polarization state of the diffracted beam followed the expected dipolar resonant scattering polarization dependence [21] .
A. Energy resonant line shapes
Typical resonant enhancements of the magnetic integrated intensity measured in the σ − π polarization channel at the magnetic Bragg peaks ( Fig. 2 .
These spectra were collected at 14 K for the Gd-based compound and at 2 K for the Tb-and Dy-based compounds. The maximum of these enhancements occurs 2-3 eV above the Gd-L 2 , Tb-L 3 , and Dy-L 2 absorption edges ( Fig. 2) and show a single narrow resonant line shape typical of a pure dipolar transition (Table I) . To test this hypothesis we performed first principle calculations using the FDMNES code [22] demonstrating that the resonant magnetic signal comes only from the dipolar transition (2p →5d) as shown by the good fit of the pure electric dipolar simulated contribution (dashed line) to the experimental data in Fig. 2 . The resonant enhancement extracted from the energy line shapes, shown in Table I , are of the same order of magnitude than the resonant enhancements expected for the pure metallic rare earth compounds [23] and at least two orders of magnitude less intense than the resonant enhancement found for its equivalent In-based compounds [13] . The peak intensity (in the σ − π polarization channel) and the full width at half maximum (FWHM) of the magnetic rocking curves for the three compounds (insets of Fig. 2 ) are summarized in Table I . The σ − σ components of the magnetic peaks (not shown) are all equal to zero.
B. Magnetic order parameter
The temperature dependence of the magnetic reflections ( and Dy 2 CoGa 8 , respectively, are shown in Fig. 3 . The square root of the integrated intensity of the magnetic peaks decreases continuously as the temperature approaches the Néel temperature typical of a second-order phase transition. The insets in Fig. 3 show a fitting using a critical power-law expression, (1 − T /T N ) β , near the phase transition. From the fitting we can extract T N and the critical exponent β for each compound. The T N found by x-ray diffraction are shown in Table I and are in good agreement with the T N obtained by our macroscopic measurements (see Table II ). The critical exponent β found for the three compounds suggest a three-dimensional (3D) magnetic model [24] . Nevertheless we cannot distinguish between a 3D-Ising, X-Y , or Heisenberg model.
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C. Magnetic structure determination
To determine the magnetic structure of the R 2 CoGa 8 compounds we first used the program SARAh-Representational Analysis [25] ) and the P 4/mmm space group, the magnetic representation ( Mag ) can be decomposed in eight one-dimensional (1D- 
Details about the IR's are described in Appendix A. Using these magnetic configurations we could determine the direction of the magnetic moments for the R 2 CoGa 8 compounds by comparing simulated intensities with the experimental integrated intensities.
The simulated intensities were calculated using a dipolar resonant x-ray magnetic scattering cross section [9, 21, 26, 27] model given by
where A = sin(θ+α) sin(θ−α) sin θ cos α is the absorption correction for offspecular reflections with Bragg angle θ and asymmetry angle α (defined as the angle between the reciprocal lattice vector Q and the normal to the surface of the crystal, here parallel to the c direction)
is the Lorentz factor, and the term inside the absolute square is the magnetic structure factor. The term f n is the resonant magnetic scattering amplitude, and k (ε) and k (ε ) are the incident and scattered wave (polarization) vectors, respectively. R n is the position of the nth atom in the unit cell, andẑ n is the moment direction at the nth site. Solving the absolute square in Eq. (2) for the reflections of the type
), the magnetic intensity is proportional to sin 2 (θ + α) * B or cos 2 (θ + α) * B, for the moments aligned parallel ( 2 or 3 ) or perpendicular ( 9 or 10 ) to the c direction, respectively. The B term depends on the coupling between the rare earths ions and it can be written as sin 2 (2πLR n ) for the model I and cos 2 (2πLR n ) for the model II (see details in Appendix A). Figure 4 shows the normalized integrated intensities of the experimental magnetic reflections and the simulated magnetic peaks as a function of L for Gd 2 CoGa 8 [ Fig. 4(a) ], Tb 2 CoGa 8 [ Fig. 4(b) ], and Dy 2 CoGa 8 [ Fig. 4(c) ] compounds. For each compound, five off-specular magnetic reflections (belonging to the same crystallographic zone) were measured and the normalized integrated intensities are shown in Fig. 4 as symbols. Other magnetic Bragg peaks were measured (not shown) but due to the difficulty to correct the absorption intensity, we only used the magnetic reflections belonging to the same crystallographic zone (and having the same absorption correction) shown in Fig. 4 . The calculated intensities were obtained using Eq. (2) for four different MRs ( 2 , 3 , 9 , and 10 ).
Comparing the simulated intensities and the experimental data normalized to the peaks with L = 15 2 we can determine the direction of magnetic moment for the three compounds. 
D. Macroscopic measurements
To complete the study of the evolution of the magnetic properties of the R 2 CoGa 8 series we have performed magnetic susceptibility and specific heat measurements for R = Gd-Tm. The later results (not shown) were used to extract the Néel TABLE II. Parameters obtained from XRMS, neutron, and macroscopic measurements for the R 2 CoGa 8 series (R = Gd-Tm). The Néel temperature (T N ), the magnetic propagation vector ( τ ), the AFM coupling along c axis (Model), and the direction of magnetic moment (ẑ n ) were obtained by neutron and x-ray diffraction.
a The effective magnetic moment (μ eff ), the paramagnetic Curie-Weiss temperature (θ CW ), and the Néel temperature (T N,Cp ) were obtained by our macroscopic measurements and the CEF parameters (B [18] . temperature summarized in Table II as T N,Cp . Figure 6 shows the temperature dependence of the magnetic susceptibility for R 2 CoGa 8 (R = Gd-Dy) measured with a magnetic field of H = 0.1 T applied parallel (χ , closed symbols) and perpendicular (χ ⊥ , open symbols) to the c axis between 2 and 300 K. The insets in Fig. 6 show the susceptibility inverse of the polycrystalline average data taken as χ poly = (χ + 2χ ⊥ )/3 for the three compounds. Fits from the inverse of χ poly (T ) for T > 150 K performed for the R = Gd-Tm series using a Curie-Weiss law yielding the determination of the effective magnetic moment μ eff and the paramagnetic CurieWeiss temperature θ CW for the compounds, are summarized in Table II . The effective magnetic moments are very close to the theoretical values expected for the rare-earth free ions [28] . The fits for R = Gd, Tb, and Dy are shown in red lines in the insets of Fig. 6 .
It is important to notice from the susceptibility measurements that Gd 2 CoGa 8 presents the expected anisotropic behavior for an antiferromagnet for T < T N with a magneticeasy axis perpendicular to the c direction. The paramagnetic phase has no anisotropy in agreement with the fact that Gd has no orbital contribution (L = 0) therefore no first-order CEF effects. On the other hand, Figs. 6(b) and 6(c) show for both (Tb,Dy) 2 CoGa 8 compounds a magnetic easy axis along the c direction. The anisotropy of the susceptibility data in the paramagnetic phase is due to the strong CEF effects found in these compounds, as will be discussed later in Sec. IV B. All the above results corroborate with the magnetic structures determined in Section III C.
IV. DISCUSSIONS
The determination of the magnetic structures for the R 2 CoGa 8 compounds with R = Gd-Dy allow us to have a complete picture of the magnetic structures of the family of Ga-based compounds for R = Gd-Tm. The main results are summarized in Table II. It is important to observe first the evolution of the Néel temperature, the propagation vector, and the magnetic coupling ) and the magnetic coupling along the c direction (+ + −−) are the same for the compounds with R = Gd to Ho, but do change for the R = Er and Tm compounds. In addition, the magnetic moment is aligned along the c direction for R = Tb, Dy, and Ho and perpendicular to the c direction for R = Gd, Er, and Tm. In the following we will discuss how the microscopic magnetic properties of the Ga-based compounds are the result of the interplay of the RKKY interaction and the CEF effects similar to the In-based compounds but with the important differences in their electronic and crystallographic properties due to the substitution of Ga ions with small radius and 4p bands to the In ions with larger radius and 5p bands.
A. RKKY interaction in the Gd 2 M X 8 compounds
It is instructive to start comparing the magnetic structure and microscopic properties of the In-based and Ga-based Gd 2 MX 8 compounds (M = Co, Rh, Ir for X = In, and . We also present the c:a ratio (open diamond symbols) for these compounds. For completeness, the Gd-Gd distance for GdIn 3 is 4.6068Å [10] . M = Co for X = Ga). These are the spin-only compounds (with L = 0) in this series, since the Gd ion has a halffilled 4f shell being spherically symmetric and its magnetic properties are mainly determined by the RKKY interaction with no effects from the crystal-field anisotropy or spin-orbit coupling. Figure 7 (a) shows the evolution of the Néel temperature and the Curie-Weiss temperature (obtained from the high temperature T > 150 K fits of the susceptibility data). Figure 7 (b) describes the first and second nearest neighbor Gd-Gd distance and the c/a ratio for these four compounds. The Néel temperature for the Gd 2 IrIn 8 is 40 K very close to the one for the Gd 2 RhIn 8 compound (T N = 41 K) but decreases by almost 20% for the Gd 2 CoIn 8 (T N = 33 K) and by 50% for the Gd 2 CoGa 8 (T N = 20.0 K). This astonishing change of the Néel temperature in Gd compounds of the same crystallographic structure is here followed by a similar strong decrease of the Curie-Weiss temperature reflecting an effective decrease of the exchange interaction in the Ga-based compounds.
These observations indicate that the decrease of the exchange coupling J may be related to the substitution of In by Ga due to a possible reduced hybridization of the more localized Ga 4p band against the broader In 5p band. This scenario is supported by the small resonant enhancement of the XRMS signal at the L 2 edges observed for the Gd 2 CoGa 8 (Table I ) as compared to the reported three orders of magnitude resonant enhancement for the Gd 2 IrIn 8 compound [13] . The existence of a large XRMS enhancement at the L edge due to dipolar resonance (2p → 5d) indicates a high magnetic polarization of the Gd 5d electronic levels due to hybridization with magnetic 4f electrons. This effect can occur for Gd ions in neighboring sites via In 5p levels for the Gd 2 IrIn 8 . The small XRMS enhancement in the Gd 2 CoGa 8 compound could then be a consequence of the reduced hybridization of the Gd 5d-4f electronic levels via Ga 4p levels.
Furthermore a direct comparison of the magnetic structure of the Gd 2 CoGa 8 compound to the only Gd-related compound with a known magnetic structure Gd 2 IrIn 8 shows important differences in their microscopic magnetic properties. The magnetic structure of the Gd 2 CoGa 8 found in this work corresponds to a C-AFM structure (in analogy to the description used for the cubic perovskites [28] ) with an AFM coupling between the first nearest neighbors in the ab plane and an FM coupling in the c direction corresponding to the second nearest neighbors [ Figs. 5(a) and 8(a) ]. On the contrary, although the Gd 2 IrIn 8 compound [13] can be also viewed as a C-AFM structure the magnetic coupling is FM in one direction in the ab plane and AFM along the two other perpendicular directions, i.e., the FM coupling is not anymore along the c axis but is in the plane perpendicular to the c axis [ Fig. 8(b) ]. The magnetic coupling of these two compounds are compared to the GdIn 3 magnetic structure [ Fig. 8(c) ] which possesses a C-AFM coupling. In the three compounds the magnetic moment is found lying in the ab plane.
In these compounds the magnetic coupling between the Gd ions originates from the RKKY mechanism, and their ground state is determined by the relative strength among the first-(J 1 ), the second-(J 2 ), and third-nearest-neighbors (J 3 ) exchange couplings [ Fig. 8(a) ]. For the Gd compounds the magnetic coupling between rare earth ions is determined by anisotropic interactions which is mainly due to magnetic dipolar interactions due to the lack of crystal field effects. In this perspective the different magnetic couplings found in the Ga-based compounds (for R = Gd, and also for R = Dy, Tb, and Ho) as compared to the In-based compounds determine different exchange coupling relative strength (J 1 /J 3 ) and reveal interesting differences in the physical properties of these two families of intermetallic compounds.
Indeed, by using an estimate of the density of states for the Gd 2 MIn 8 compounds of 1.4 states/eV per mol and per spin [29] , we can estimate the magnitude of exchange couplings finding that the J 1 (J 2 ) favors an FM coupling along the first-(second-) nearest-neighbors Gd ions and J 3 favors an AFM coupling along the third-nearest neighbors. This scenario explains well the magnetic coupling found for the Gd 2 IrIn 8 compound in the ab plane. The J 3 coupling is satisfied and the J 1 is partly satisfied leading to some kind of magnetic frustration that is minimized by the actual magnetic coupling of Gd ions in the ab plane. This magnetic coupling breaks the tetragonal symmetry of the crystallographic structure. The AFM magnetic coupling of the Gd ions along the c direction [ Fig. 8(b) ] (that according to the value of J 2 should be FM and have the same coupling as the first-nearest neighbor in the ab plane), is a clear demonstration of the anisotropic electronic layered properties of these compounds. A direct confirmation on these properties could be revealed by angle-resolved photoemission spectroscopy measurements on the Gd 2 MIn 8 compounds.
As such, the combination of the reduction of the first neighbor Gd-Gd distances for the Ga-based compounds compared to the In compounds and the decrease of the hybridization between the Ga p states with the f electrons with respect to the In p states can qualitatively explain the observed changes in the magnetic structures of the these Gd compounds. These two effects combined are in fact responsible for the modifications in the relative coupling exchanges J 1 /J 2 and J 1 /J 3 between the Gd ions in the Ga and In-based series, leading to a more two-dimensional character (tetragonal) of the magnetic structure in the Ga-based compounds. This result may be useful to understand the difference between the nature of the f -electron spin fluctuations in the presumably magnetically mediated heavy-fermion superconductors in related Ga and In-based series.
B. CEF effects in the R 2 CoGa 8 structure
In a simplified mean-field model and in the absence of any crystal field effect it is expected that the evolution of the Néel temperature along the series of R 2 CoGa 8 with R = Gd-Tm would follow the de Gennes scaling (g j -1) 2 J (J + 1) where g j is the Landé g factor and J is the total angular momentum. The actual evolution of Néel temperatures for this series is presented in Table II and Fig. 9 (squared symbols). It is clear that a very strong deviation from this scaling occurs for the R = Tb and Dy, increasing its transition temperatures, while the Néel temperature follow the de Gennes scaling for R = Ho to Tm. The deviation from this scaling is expected for the non-S rare earth ions of this series and can be ascribed to CEF effects [7] as we will discuss below. In the Ga-based compounds the effect is stronger for the Tb and Dy ions and this is a strong indication that the CEF effects are larger for the largest non-S ions, Tb and Dy, and have reduced effects for the heavier and smaller rare earths ions.
Furthermore we argue here that this effect is enhanced for the Ga-based compounds as compared to the In-based compounds.
Indeed in Fig. 9 we also show the de Gennes scaling for the R 2 RhIn 8 and R 2 CoIn 8 series of heavy rare earth compounds. All the curves are presented as normalized curves by the R = Gd compound of its series (with the Néel temperatures for the respective R = Gd compound shown in the inset table of Fig. 9 ) to compare the relative deviation from the de Gennes scaling for these series. In particular we observe a more than 100% deviation of the de Gennes scaling for the Tb 2 CoGa 8 followed by 80% deviation for the Tb 2 RhIn 8 and 30% deviation for the Tb 2 CoIn 8 . The deviation of the Néel temperature from the de Gennes scaling is also present in the other series of R 2 MIn 8 and is always larger for the Tb and Dy compounds but is maximized in the R 2 CoGa 8 series. A crystalline electric field analysis for the R 2 CoGa 8 series has already been performed by Joshi et al. [18] , by considering a CEF Hamiltonian for tetragonal symmetry and fitting the susceptibility data to a CEF model.
The CEF parameters determine the tendency of spins to order in-plane or out-of-plane and the dominant CEF parameter B 20 is presented in Table II . We also present the exchange coupling along the Fig. 6 . For the R = Ho compound J ex approaches zero but is still positive and then reverses its sign for the R = Er and Tm compounds, compatible with the moment direction found in these compounds. It is interesting to note that the R = Ho compound is at a crossover region between different magnetic moment orientation and coupling. A detailed discussion on the physical properties of the R = Ho compounds is presented elsewhere, together with the magnetic structure determination by neutron diffraction [15] . It is worth noting here that in the absence of crystal field effects, as in the case of Gd 2 CoGa 8 , the magnetic moment lies in the ab plane.
V. CONCLUSIONS
The systematic study of the magnetic properties of the R 2 CoGa 8 series of compounds for R = Gd to Tm, allowed us to point out important differences introduced by the substitution of In by Ga in these series. By analyzing the magnetic properties of the R = Gd compounds, we concluded that the substitution of In by Ga affects both the strength of the exchange coupling (observed by the reduced Néel temperature) and the symmetry of the magnetic coupling (observed by determining the magnetic structure of these compounds) and reveals a more two-dimensional structure in the Ga-based compound than in the In-based compound. The comparison of the non-S members of these series allowed us to conclude that the CEF effects are stronger in the Ga-based compounds as compared to the In-based compounds observed by the larger de Gennes deviation of the Néel temperature and the larger magnetic anisotropy quantified by J ex . Furthermore, we speculate that there may be an optimized dimension of the tetragonal unit cell that enhances the CEF effects, corresponding to the lattice parameters of the R = Tb and Dy compounds.
We believe that the differences in the magnetic properties of the Ga-based compounds to the In-based compounds pointed out in this work may add new ingredients to the understanding of the differences in the physical properties for the well-known Table III . The labeling of the propagation vector and the IR's follows the Kovalev's notation [30] . The IR's 2 and 9 correspond to a magnetic coupling where the magnetic unit cell is doubled in the c direction with a ferromagnetic coupling of the rare earth ions in each chemical unit cell forming a (+ + − −) sequence (model I). On the other hand, the IR's 3 and 10 correspond to a magnetic coupling where the two rare earth ions within the unit cell have an AFM coupling forming a (+ − − +) sequence (model II). In addition, the 2 and 3 represent the magnetic moment parallel to the c axis and 9 and 10 in the ab plane. The magnetic representation for the R 2 CoGa 8 series are summarized in Table III .
Comparing the experimental data and the simulated intensities, we can conclude that the magnetic structure for the Gd 2 CoGa 8 compound can be represented by the irreducible representation 10 and for both the Tb 2 CoGa 8 and Dy 2 CoGa 8 compounds, the magnetic representation can be better represented by 2 .
